A Gram-stain-negative, aerobic, non-motile and ovoid or rod-shaped bacterial strain, designated T , was isolated from a tidal flat in Oido, an island of South Korea, and subjected to a polyphasic taxonomic study. Strain OITF-11 T contained menaquinone MK-6 as the predominant menaquinone and iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 15 : 0 3-OH, iso-C 17 : 0 3-OH and C 15 : 1 !6c as the major fatty acids. The major polar lipids detected in strain OITF-11 T were phosphatidylethanolamine, phosphatidylmonomethylethanolamine and one unidentified lipid. The DNA G+C content of strain OITF-11 T was 32.2 mol% and its DNA-DNA relatedness values with the type strains of P. haliotis, P. atrinae, P. dokdonensis and P. marinaquae were 14-33 %. Differential phenotypic properties, together with its phylogenetic and genetic distinctiveness, revealed that strain OITF-11
The genus Polaribacter (a member of the family Flavobacteriaceae of the phylum Bacteroidetes) was proposed by Gosink et al. [1] with the descriptions of Polaribacter filamentus (the type species of the genus), Polaribacter franzmannii and Polaribacter irgensii, and the reclassification of 'Flectobacillus glomeratus' [2] . At the time of writing, the genus Polaribacter comprises 17 species with validly published names (www.bacterio.net/polaribacter.html; [3] [4] [5] [6] ). The description of one additional Polaribacter species, 'Polaribacter lacunae' [7] , is in press in IJSEM. Members of the genus Polaribacter have been isolated from seawater, Antarctic sea ice, Antarctic soil, alga, Arctic fjord sediment, intestine of comb pen shell, brown algae reservoir, gut of abalone and marine gastropod [1, 4, 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] . In this study, a tidal flat in Oido, an island located on the Yellow Sea of the Korean Peninsula, has been recently used as a new habitat to isolate novel bacteria. One of the bacterial strains isolated, designated OITF-11 T , which is phylogenetically most closely affiliated to members of the genus Polaribacter, is described in this study. The aim of the present work was to determine the exact taxonomic position of strain OITF-11 T by using a polyphasic taxonomic characterization.
A tidal flat sediment was collected from Oido and used as a source for the isolation of bacterial strains. Strain OITF-11 T was isolated by the standard dilution plating technique at 25 C on marine agar 2216 (MA; BD Difco) and cultivated routinely at 25 C on MA. Polaribacter marinaquae KCTC 42664 T , which was used as a reference strain for phenotypic characterization, fatty acid analysis and DNA-DNA hybridization, was obtained from the Korean Collection for Type Cultures (KCTC; South Korea). DNA of Polaribacter atrinae KACC 17473 T , Polaribacter dokdonensis DSW-5 T and Polaribacter haliotis RA4-7
T for DNA-DNA hybridization was obtained from the study of Kim et al. [4] . Cell morphology, Gram reaction, pH range for growth and anaerobic growth, requirement for Mg 2+ ions and hydrolysis of gelatin and urea were determined as described by Park et al. [17] . Growth at 4, 10, 20, 25, 28, 30, 35 and 37 C was measured on MA to determine the optimal temperature and temperature range for growth. Gliding motility was investigated as described by Bowman [18] . Growth at various concentrations of NaCl (0, 0.5 and 1.0-7.0 %, at increments of 1.0 %, w/v) was investigated by supplementing with appropriate concentrations of NaCl in marine broth 2216 (MB) prepared according to the formula of the BD Difco medium except that NaCl was excluded. Catalase and oxidase activities were determined as described by L anyí [19] . Hydrolysis of casein, starch, hypoxanthine, L-tyrosine and xanthine was investigated on MA using the substrate concentrations described by Barrow and Feltham [20] . Hydrolysis of aesculin and Tween 80 and nitrate reduction were investigated as described previously [19] with the modification that artificial seawater [21] was used for the preparation of media. The presence of flexirubin-type pigments was investigated as described previously [22, 23] . Acid production from carbohydrates was tested as described by Leifson [24] . Susceptibility to antibiotics was tested on MA plates using antibiotic discs (Advantec) containing the following (µg per disc unless otherwise stated): ampicillin (10), carbenicillin (100), cephalothin (30) , chloramphenicol (100), gentamicin (30) , kanamycin (30) , lincomycin (15) , neomycin (30) , novobiocin (5), oleandomycin (15) , penicillin G (20 IU), polymyxin B (100 IU), streptomycin (50) and tetracycline (30) . Enzyme activities were determined, after incubation for 8 h at 25 C, by using the API ZYM system (bioM erieux); the strip was inoculated with cells suspended in artificial seawater from which CaCl 2 was excluded to avoid the formation of precipitates. For in vitro pigment-absorption spectrum analysis, strain OITF-11
T was cultivated aerobically in the dark at 30 C in MB. The culture was centrifuged and pigments from the cells were extracted using methanol. The absorption spectrum of the pigments was examined on an Eon Microplate spectrophotometer (Biotek).
Cell mass of strain OITF-11 T for DNA extraction and for the analyses of isoprenoid quinones and polar lipids was obtained from cultures grown for 2 days in MB at 25 C and cell mass of P. marinaquae KCTC 42664
T for DNA extraction was obtained under the same conditions. Chromosomal DNA was extracted and purified as described previously [25] , with the exception that RNase T1 (Sigma) was used in combination with RNase A to minimize the contamination with RNA. The 16S rRNA gene was amplified by PCR as described previously [26] using two universal primers, 9F (5¢-GAGTTTGATCCTGGCTCAG-3¢) and 1512R (5¢-ACG GTTACCTTGTTACGACTT-3¢). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. [27] . DNA-DNA hybridization was performed fluorometrically by the method of Ezaki et al. [28] using photobiotin-labelled DNA probes and microdilution wells. Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the mean of the remaining three values was quoted as DNA-DNA relatedness value. The DNA of strain OITF-11 T was used as a labelled DNA probe for hybridization.
Isoprenoid quinones were extracted according to the method of Komagata and Suzuki [29] and analysed using reversed-phase HPLC and a YMC ODS-A (250Â4.6 mm) column. The isoprenoid quinones were eluted by a mixture of methanol/isopropanol (2 : 1, v/v) using a flow rate of 1 ml min À1 at room temperature and detected by UV absorbance at 270 nm. For cellular fatty acid analysis, cell mass of strain OITF-11 T was harvested from MA plates after cultivation for 2, 3 and 5 days at 25 C and cell mass of P. marinaquae KCTC 42664 T was harvested from MA plates after cultivation for 3 days at 25 C. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by GC (Hewlett Packard 6890) and identified using the TSBA6 database of the Microbial Identification System [30] . Polar lipids were extracted according to the procedures described by Minnikin et al. [31] , and separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension as described by Embley and Wait [32] . Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid reagent [31] for the detection of total polar lipids and with a-naphthol [31] and ninhydrin spray, molybdenum blue spray and Dragendorff's reagents (Sigma) for the detection of specific polar lipids. The DNA G+C content was determined by the method of Tamaoka and Komagata [33] with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC equipped with a YMC ODS-A (250Â4.6 mm) column. The nucleotides were eluted by a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0) and acetonitrile (40 : 1, v/v), using a flow rate of 1 ml min À1 at room temperature and detected by UV absorbance at 270 nm. DNA from Escherichia coli (Sigma) was used as a standard and for calibration.
Morphological, cultural, physiological and biochemical characteristics of strain T are given in the species description and in Table 1 and Fig. S1 (available in the online Supplementary Material). Methanol extracts of strain OITF-11 T showed absorption peak maxima at 447-448, 472 and 503 nm, indicating the presence of carotenoids. Strain OITF-11
T was susceptible to ampicillin, carbenicillin, cephalothin, chloramphenicol, lincomycin, novobiocin, oleandomycin and streptomycin, but not to gentamicin, kanamycin, neomycin, penicillin G, polymyxin B and tetracycline. The almost-complete 16S rRNA gene sequence of strain OITF-11 T comprising 1440 nt, representing approximately 95 % of the E. coli 16S rRNA gene sequence, was determined in this study. In the neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, strain OITF-11 T fell within the clade comprising the type strains of Polaribacter species, joining the type strain of P. haliotis with a bootstrap resampling value of 87.0 % (Fig. 1) . The relationship between strain OITF-11
T and the type strain of P. haliotis was also found in the tree reconstructed using the maximum-likelihood algorithm (Fig. 1) The predominant isoprenoid quinone detected in strain OITF-11
T was menaquinone-6 (MK-6), which is the same as that shown in the family Flavobacteriaceae [34] . In Table 2 , the cellular fatty acid profiles of strain OITF-11 T are compared with those of the type strains of P. haliotis, P. atrinae, P. dokdonensis and P. marinaquae. The fatty acid profiles of strain OITF-11
T from three different growth phases were found to be similar ( Table 2 ). The major fatty acids (>5 % of the total fatty acids in all growth phases) detected in strain OITF-11
T were iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 15 : 0 3-OH, iso-C 17 : 0 3-OH and C 15 : 1 !6c ( Table 2) . The fatty acid profile of strain OITF-11
T was similar to those of the type strains of P. haliotis, P. atrinae, P. dokdonensis and P. marinaquae, but the proportions of some fatty acids, e.g. iso-C 15 : 0 , C 15 : 0 3-OH and summed features 1, 2 and 3, detected in strain OITF-11 T were different from those of the reference strains ( Table 2 ). The major polar lipids detected in strain OITF-11
T were phosphatidylethanolamine, phosphatidylmonomethylethanolamine and one unidentified lipid; minor amounts of one other unidentified lipid, one unidentified aminolipid and one unidentified [4] analysed under the same conditions; data for column 3 from Park et al. [16] analysed under the same conditions unless indicated otherwise; data for column 4 from Yoon et al. [10] analysed under the same conditions; and data for column 5 from this study unless indicated otherwise. +, Positive; À, negative; W, weakly positive. All strains are positive for hydrolysis of Tween 80; activity of alkaline phosphatase, esterase lipase (C8), leucine arylamidase and valine arylamidase; and susceptibility to carbenicillin, cephalothin, chloramphenicol, lincomycin, novobiocin and oleandomycin. All strains are negative for Gram-staining; production of flexirubin-type pigments; nitrate reduction; hydrolysis of casein and gelatin; acid production from L-arabinose, melezitose, melibiose, L-rhamnose, D-ribose, trehalose, myo-inositol, D-mannitol and D-sorbitol; activity of lipase (C14), a-chymotrypsin, b-galactosidase, b-glucuronidase, a-glucosidase, a-mannosidase and a-fucosidase; and susceptibility to gentamicin, kanamycin, neomycin and polymyxin B. 
Enzyme activity (API ZYM): phospholipid were also present (Fig. S2) . The major polar lipid profile of strain OITF-11 T was similar to those of the type strains of other Polaribacter species in that phosphatidylethanolamine is the only identified phospholipid and similar to that of the type strain of P. filamentus by having phosphatidylmonomethylethanolamine ( Fig. S2; [13, 14, 16, 35] ). The DNA G+C content of strain OITF-11 T was 32.2 mol%, a value in the range reported for members of the genus Polaribacter (Table 1 ; [15] ).
From the combination of results of the phylogenetic and chemotaxonomic analyses, it is sufficient to classify strain OITF-11
T as a member of the genus Polaribacter (Figs 1 and S2, and T was distinguished from the type strains of P. haliotis, P. atrinae, P. dokdonensis and P. marinaquae by differences in several phenotypic characteristics, including hydrolysis of some substrates, acid production from some substrates, activity of some enzymes and susceptibility to some antibiotics (Table 1 ). These differences, together with the phylogenetic and genetic distinctiveness of strain OITF-11 T , reveal that the novel strain is separated from other species of the genus Polaribacter [36, 37] . On the basis of the phenotypic, chemotaxonomic, phylogenetic and genetic data, strain OITF-11
T is considered to represent a novel Polaribacter haliotis RA4-7 T (KX450477)
Polaribacter dokdonensis DSW-5 T (DQ004686)
Polaribacter marinaquae RZW3-2 T (KR080701)
Polaribacter reichenbachii KMM 6386 T (HQ891656)
Polaribacter marinivivus GYSW-15 T (KM017972)
Polaribacter porphyrae LNM-20 T (AB695286)
Polaribacter gangjinensis K17-16 T (FJ425213)
Polaribacter huanghezhanensis SM1202 T (KC793205)
Tenacibaculum maritimum IFO 15946 T (AB078057)
Tenacibaculum soleae LL04 12.1.7 T (AM746476)
Tenacibaculum adriaticum B390 T (AM412314)

Tenacibaculum mesophilum MBIC 1140 T (AB032501)
Tenacibaculum gallaicum A37.1 T (AM746477)
Tenacibaculum aestuarii SMK-4 T (DQ314760)
Tenacibaculum skagerrakense ATCC BAA-458 T (AF469612)
Tenacibaculum geojense YCS-6 T (HQ401023)
Lutibacter litoralis CL-TF09 T (AY962293)
Lutibacter maritimus S7-2 T (FJ598048)
Lutibacter oricola UDC377 T (HM031972) [38] , summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete ECLs as well as those where the ECLs are not reported separately. Summed feature 1 was listed as iso-C 15 : 1 h and/or C 13 : 0 3-OH; summed feature 3 was listed as C 16 : 1 !7c and/or C 16 : 1 !6c; summed feature 4 was listed as iso-C 17 : 1 I and/or anteiso-C 17 : 1 B.
assays with the API ZYM system, activity of alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase and cystine arylamidase is present, but activity of esterase (C4), lipase (C14), trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase is absent. The predominant menaquinone is MK-6. The major fatty acids (>5 % of the total fatty acids) are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 15 : 0 3-OH, iso-C 17 : 0 3-OH and C 15 : 1 !6c. The major polar lipids are phosphatidylethanolamine, phosphatidylmonomethylethanolamine and one unidentified lipid.
The type strain, OITF-11 T (=KCTC 52500 T =NBRC 112457 T ), was isolated from a tidal flat in Oido, an island of South Korea, on the Yellow Sea. The DNA G+C content of the type strain is 32.2 mol%. 
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